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I.  GSiNERAL  INFORMATION 


INTRODUCTION 

Preliminary  study  of  Pacific  storm  systems  by  means  of  routine  synoptic 
data  and  continuously  recorded  radar  echoes  /Icreltzberg  (l96lJ7^  revealed  a  con¬ 
siderable  diversity  and  fluctuation  of  echo  types  in  relation  to  synoptic  fea¬ 
tures  and  much  complexity  and  deviation  from  ideal  models  in  the  storm  struc¬ 
tures.  For  the  purpose  of  clarifying  certain  puzzling  aspects  of  the  wind  euid 
temperature  (frontal)  structures  and  of  seeking  an  explanation  for  the  seemingly 
erratic  changes  in  echo  character^  a  program  of  short- interval^  serial  ascents 
was  inaugurated  in  January  1961.  During  the  remainder  of  the  winter  and  the  en¬ 
suing  spring  five  series  of  observations  of  one  to  three  days  duration  were 
undertaken  in  which  radiosondes  were  released  as  frequently  as  once  an  hour, 
while  the  radar  echoes  frcxn  an  AN/APQ-39>  1*87  cm  vertical-beam  radar  were  being 
continuously  recorded  on  film  strip.  The  interpretation  of  the  large  quantity 
of  data  obtained  during  the  special  series  will  require  considerable  time.  Mean¬ 
while,  it  has  seemed  advisable  to  make  available  to  Interested  parties  the  com¬ 
plete  radar  and  synoptic  records  and  preliminary  analyses  for  each  series.  The 
present  volume  is  one  in  a  series  of  five  which  is  being  prepared  to  fulfil  this 
objective. 


INSTRIMENTS 

The  APQ-39  radar  is  housed  in  the  Meteorology  Building  with  the  vertically- 
pointing  antenna  mounted  directly  overhead  on  the  roof.  The  echo  is  obseived 
visually  on  an  A-scope  and  is  photographed  continuously  on  a  second  scope  which 
presents  an  intensity  modulated  trace.  During  the  first  three  series  the  scope 
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was  photographed  at  a  fixed  gain  setting.  A  sinusoidally  varying  gain  which  ex¬ 
tended  the  dynamic  range  was  in  operation  during  the  final  tvo  series. 

Following  the  fourth  series  the  sensitivity  of  the  set  was  increased  and 
even  rather  thin  cirrus  cloud  was  recorded  on  the  film.  Prior  to  this  time, 
drizzle  was  the  smallest  hydrometer  observed.  Even  after  the  Improvement  in  sen¬ 
sitivity,  rather  dense -looking  cumulius  escaped  detection. 

The  CMD-l  radiosonde  was  located  during  the  first  series  at  the  edge  of  the 
University  Golf  Course  on  the  lower  campus.  Unfortunately,  interference  by  the 
University  Hospital  caused  valxoable  records  to  be  lost  during  this  series,  and 
before  the  second  series  was  begun  the  radiosonde  was  moved  to  the  roof  of  the 
hospital  where  no  further  difficulty  was  experienced. 

TOPOGRAPHy 

Major  topographical  features  of  the  area  surrounding  the  project  site  are 
depicted  in  Figure  1.  The  University  is  situated  in  an  elongated  north-south 
basin  about  a  mile  from  the  east  shore  of  Puget  Sound.  To  the  west  lie  the 
Olympic  Mountains  with  peaks  rising  to  nearly  8,0CX)  feet  and  beyond  these  the 
Pacific  Ocean.  To  the  southwest  of  the  station  a  gap  exists  in  the  coastal 
mountains  which  provides  a  favored  entry  point  of  maritime  air  into  the  Seattle 
area.  About  twenty  miles  east  of  the  station  rises  the  Cascade  Bange,  a  hl^er 
and  more  continuous  barrier. 

Also  shown  in  the  figure  are  the  locations  of  weather  reporting  stations. 

At  the  Seattle-Tacoma  Airport  temperature  soundings  are  taken  twice  a  day  and 
rawins  four  times  daily.  Special  pilot  reports  were  provided  by  McChord  Field 
in  llhcoma  and  Paine  Field  in  Everett. 
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Fig.  1.  Topographical  map  of  western  Washington  with  locations 
of  selected  stations. 


MTA  AND  ANALYSES 


1.  Synoptic  Charts. 

These  were  prepared  according  to  standard  procedures  at  the  following  levels 
Surface  (both  6-hourly  synoptics  and  hourly  sectionals),  85O  mb,  700  mb,  500  mb, 
250  mb. 

2.  Time  Sections. 

The  analyses  are  based  on  plotted  temperatures,  pressures,  and  winds.  Only 
the  winds  are  shown  on  the  sections  reproduced  here  since  sounding  data  are  pro¬ 
vided  separately.  For  soundings  taken  by  the  U.S.  Weather  Bureau,  temperatures, 
dew  points,  and  winds  were  plotted  at  coded  points.  For  special  soundings,  tem¬ 
peratures  were  plotted  at  4°C  intervals  and  at  significant  points  between.  Dew 
points  were  plotted  at  significant  points  in  the  humidity  trace  and  at  points 
corresponding  to  the  plotted  temperatures.  Winds  were  plotted  for  each  minute  up 
to  the  fourteenth  minute  (roughly  14,000  feet)  and  every  second  minute  beyond.  In 
computing  the  winds  two-minute  averages  were  used  up  to  the  fourteenth  minute  and 
four-minute  averages  beyond. 

Cloud  euialyses  are  based  on  radiosonde  traces,  radar  echoes,  ground  obser¬ 
vations  and  pilot  reports. 

3*  Barograph  Traces. 

Copies  were  made  of  the  microbarograph  trace  located  at  the  U.S.  Weather 
Bureau  office  in  downtown  Seattle. 

4.  Badar. 

The  radar  record  for  each  series  consists  of  35  mm  film  exposed  continuously 
at  a  rate  of  10  in/hr.  An  angel,  evidently  caused  by  reflection  of  a  side  lobe 
from  a  church  steeple,  is  present  on  edl  film  near  the  5,000-foot  marker  despite 
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efforts  at  shielding.  Below  the  scope  picture  is  a  counter  which  gives  the  accum¬ 
ulated  precipitation  in  hiondredths  of  an  inch,  as  measured  by  a  tipping  bucket 
gauge,  and  a  clock  from  which  the  time  can  be  read  at  approximately  2^-minute 
intervals. 

5.  Sovndlngs 

The  data  from  soundings  taken  at  the  University  of  Washington  were  reduced 
in  the  following  manner.  Temperatures,  relative  humidities,  elevation  angles, 
and  azimuth  angles  were  read  every  half  minute  from  the  original  records.  The 
dew  points,  heights,  and  wind  data  were  computed  from  these  readings  on  the  IBM 
709  in  the  Research  Computer  Laboratory. 

The  soundings  from  SEA  were  reduced  in  a  slightly  different  fashion.  The 
1-minute  elevation  and  azimuth  angles,  as  well  as  the  pressure-time  data,  were 
obtained  from  WBAN-20;  significant  temperatures,  relative  humidities,  and  the 
corresponding  pressures  were  obtained  from  the  data  blocks  on  WBAN-31A,  B,  and  C. 
From  this  iiifoimation  the  IBM  709  was  used  to  obtain  the  information  at  1-minute 
Intervals  listed  in  Appendix  A. 

The  plotted  soundings  give  (l)  for  U.  W.  soundings:  every  significant  point 
plus  every  third  half -minute  point  below  6OO  mb  and  every  fourth  above  6OO  mb 
(2)  for  SEA  soundings:  every  significant  point.  Data  for  all  the  half -minute 
points  for  U.  W.  soundings  and  all  minute  points  for  SEA  soundings  are  Included 
in  Appendix  A. 
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II.  THE  CASE  CF  6-8  JANUARY  I96I 


SYNOPTIC  DESCRIPTION 

Althou^  the  Intent  was  to  study  occluded  type  cyclones,  the  warm  front  in 
this  case  was  so  unusually  sharp  in  the  Pacific  Northwest  area  that  it  was  de¬ 
cided  to  proceed  with  ascents  even  though  it  appeared  that  Seattle  would  enter 
or  nearly  enter  the  warm  sector. 

At  1200Z  on  6  January  (Fig.  2.)  the  warm  front  extended  from  the  Oregon 
Coast  westward  to  an  occluded  front  about  200  miles  west  of  the  picket  ship  S.P. 
The  occluded  low  was  located  about  30O  miles  south  of  the  weather  ship  ^YP,  and 
the  cold  front  extended  from  the  peak  of  the  warm  sector  southwest  to  a  position 
sli^tly  west  of  ship  4YN. 

During  the  ensuing  36  hours  (Figs.  4,  6,  8,)  the  low  center  moved  slowly 
northeastward.  Over  water  the  warm  front  gradually  advanced  northward  and  weak¬ 
ened.  Over  lemd  it  remained  nearly  stationary  in  northern  Oregon  and  likewise 
weakened.  At  first  the  cold  front  progressed  slowly  as  a  shallow  wave  developed 
on  it.  During  the  final  12  hours  it  accelerated  and  swept  ashore  bringing  brief 
but  pronounced  pressure  rises. 

A  closed  cyclonic  circulation  lay  above  the  surface  occlusion  at  the  500-mb 
level  (Figs.  2,  4,  6,  8).  Antlcyclogenesis  occurred  over  the  western  states  dur¬ 
ing  the  period.  The  warm  front,  which  was  located  near  the  Canadian  border  at 
the  beginning  of  the  sequence,  gradually  dissipated  as  the  ridge  strengthened. 

Bie  cold  front  as  it  came  ashore  was  associated  with  a  sn«ll,  sharp  upper-level 
trough  which  probably  was  present  but  unidentifiable  over  the  ocean  at  the 
earlier  hours. 

Further  information  concerning  the  upper-level  circulation,  temperatures 
and  fronts  appears  in  Figures  3^  5/  7^  and  9- 
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The  sectional  maps  (Fig.  10 )  reveal  the  details  of  the  cold  or  occluded 
front  passage.  At  most  stations  a  sudden  barometric  rise  or  pressure  Jump  was 
observed  at  the  time  of  passage,  as  in  Figure  11.  Nc  all  stations,  however, 
showed  significant  wind  changes  immediately.  Eugene,  Oregon,  was  one  of  the  few 
stations  that  reported  strong  winds  with  the  Jump.  Some  property  damage  and  the 
loss  of  one  life  were  attributed  to  the  sudden  squall.  Also  shown  in  Figure  11 
are  temperature  traces  at  surface,  85O  mb,  TOO  mb,  and  500  mb,  and  the  height 
trace  at  500  mb. 


TIME  SECTION 

llie  serial  ascents  appear  in  Figure  12  and  the  time  section  analysis  based 
on  the  ascents  in  Figure  13*  The  cloud  analysis  on  the  time  section  was  derived 
from  hourly  ground  observations,  the  radar  echoes  in  Figure  l4,  the  pilot  reports 
listed  in  appendix  B,  and  from  the  moisture  distribution  on  the  soundings.  At 
times  there  were  not  sufficient  data  to  locate  the  cloud  boundaries  accurately 
and  at  other  times  the  data  were  conflicting.  The  tops  of  lower  layers  and  bases 
and  tops  of  upper  layers  must  therefore  be  regarded  as  subject  to  considerable 
uncertainty. 

According  to  the  synoptic  and  radar  time  sections  the  sequence  begins  with 
a  moderately  well-defined  warm  frontal  surface  at  16,000  feet  with  a  middle  cloud 
deck  inclined  along  it  and  with  a  cirrus  overcast  above.  Echoes  are  observed 
from  the  middle  deck.  These  are  of  the  stable  type  and  show  generating  cells 
near  20,000  feet  and  some  stalactic  formation  at  the  echo  base.  The  frontal  zone 
contains  a  number  of  sublayers  of  particularly  large  temperature  gradient. 

At  about  10OOGCT  breaks  appear  in  the  eltostratus  and  the  radar  echoes  be¬ 
come  sporadic.  However,  as  the  storm  approaches  auid  the  frontal  surface  continues 
to  lower,  the  clouds  thicken  again  and  a  deep  precipitating  layer  is  observed. 
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Rain  commeiices  at  the  ground  when  the  middle  cloud  reaches  8,500  feet.  Meanwhile, 
new  cloud  layers  fom  at  successively  lower  levels  in  the  rain-moistened  air. 

A  general  lowering  of  both  the  lower  and  upper  cloud  layers  seems  to  acccanpany 
the  lowering  of  the  front,  suggesting  an  upgllde  motion  in  the  warm  air  mass. 

As  the  rain  comes  to  an  end,  the  echoes  take  on  a  more  convective  character, 
and  isolated  cells  appear  to  bridge  both  layers.  It  is  important  to  note  that 
from  the  point  of  view  of  the  air  parcels  what  we  refer  to  here  as  the  ending  of 
precipitation  may  actually  be  the  beginning.  If  the  air  is  gliding  up  along  the 
frontal  surface,  as  seems  likely,  the  echoes  at  OtoOGCT  on  7  January  are  newly 
formed  echoes,  not  decaying  ones. 

Following  the  cessation  of  the  rain,  the  warm  front  does  not  come  to  the 
ground  but  flattens  into  an  inversion  surface  which  remains  near  2000  feet.  Kie 
predominant  cloud  during  the  Interval  between  the  flattening  of  the  warm  front 
and  the  arrival  of  the  cold  front  is  a  broken-to-overcast  cirrus. 

Immediately  preceding  the  arrival  of  the  surface  cold  front  (actually  an 
occlusion  in  the  shallow  layer  next  to  the  surface)  the  clouds  temporarily  dis¬ 
solve.  From  the  OOOOGCT  sounding  for  the  8th  it  appears  in  fact  that  the  front 
has  already  passed  at  intermediate  levels,  and  that  the  dissolution  is  associated 
with  subsidence  in  the  cold  air. 

Shortly  after  the  time  of  frontal  passage  at  the  surface  a  sharp-edged  cloud 
mass  drifted  in  at  middle  levels.  An  elevated  echo  of  more  or  less  stable  type 
was  noted  on  the  radar,  and  some  veiy  li^t  rain  reached  the  ground  briefly. 
Sporadic  shower  activity  developed  in  the  cold  air  and  continued  for  the  remainder 
of  the  period.  The  later  echoes  were  more  convective  in  appearance,  and  the  bases 
and  tops  of  the  cells  were  located  at  lower  elevation  than  in  the  cell  immediately 
behind  the  front. 
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Fig.  2.  Charts  for  1200GCT  January  6,  196I.  Upper, 
lower,  ^  mb. 
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Fig.  3*  Charts  for  1200GCT  January  6,  I96I.  Upper  left,  85O  mb 
upner  right,  700  mb;  lower  left,  250  mb;  lower  right, 
frontal  contours. 
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Fig.  5*  Charts  for  OOOOGCT  January  7#  I96I.  Upper  left,  85O  mb; 
upper  right,  TOO  mb;  lower  left,  250  mb;  lower  rij^t, 
frontal  contours. 
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6.  Charts  for  1200GCT  January  7,  196I.  Upper,  surface; 
lower,  500  mb. 
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Fig.  7*  Charts  for  1200GCT  Jeuiuazy  J,  I96I.  l^per  left,  85O  mb; 
upper  ri^t,  TOO  mb;  lower  left,  25O  mb;  lower  ri^t, 
frontal  contours. 
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Fig. 


8.  Charts  for  OOOOGCT  January  8,  I96I.  Upper,  surface; 
lower,  500  mb. 
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Fig.  9*  Charts  for  00CX3GCT  Jeuwmry  6,  1961.  Upper  left,  850  mb; 
upper  right,  7OO  mb;  lower  left,  250  mb;  lower  ri^t, 
frontal  contours. 
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Fig.  10  (Part  III) 
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Fig.  11  Barograph  trace  for  Seattle,  and  temperature  traces  at 
surface,  85O  mb,  700  mb,  and  5OO  mb,  and  height  trace  at 
^00  mb  based  on  soundings  released  at  Seattle -IDacoma  Airport 
and  the  University  of  Washington. 
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Fig.  12.  (Part  IV) 
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13.  Time  section  for  Seattle,  January  6-8,  196I.  Winds  denoted  by  usual  conventior 
hourly  precipitation  (in  hundredths  of  an  inch),  and  hourly  surface  observatioi 


>ted  by  usual  convention.  Heavy  lines  represent  frontal,  inversion,  or  tropopause  discontinuities;  thin  lines,  isothe: 
irly  surface  observations  are  entered  at  bottcm  of  section.  Soundings  are  plotted  at  observation  time  (30  minutes  a] 


lopause  discontinuities;  thin  lines,  isotherms.  Estimated  cloud  areas  are  stippled.  Echo  type, 
plotted  at  observation  time  (30  minutes  after  time  of  release). 
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Fig.  l4.  Radar  echoes  January  6-6,  I961.  Hei^t  scale  to  right 
in  1000 's  of  feet,  time  scsuLe  below.  (Part  l) 
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36 


O  O 


APPENDIX  A 


This  section  contains  detailed  sounding  Infoxuatlon  as  outlined  In  Section 
I-5‘  Notice  that  the  sounding  times  In  this  section  and  In  Figure  12  are  the 
release  times.  Both  the  computer  Input  and  output  data  for  these  soundings  are 
on  punch  cards  which  are  available  upon  request. 

^e  "l  MIN"  winds  for  U.W.  soundings  give  the  meeui  rate  of  horizontal  dis¬ 
placement  of  the  bedloon  from  30  seconds  before  to  30  seconds  eifter  the  Indicated 
time  of  the  wind.  The  SEA  "2  MIN"  wind  Is  a  similar  meein  over  a  two  minute 
period.  The  "2  MIN  RUN  AV"  winds  were  computed  from  the  running  mean  formula 

'v2(M)  =[^(M-1)  +  2  I^Cm)  +  ^(M+1)]  A 

where  Is  the  "2  MIN  RUN  AV"  and  the  Is  the  "1  MIN"  wind  for  U.W,  data  and 
the  "2  MIN"  wind  for  the  SEA  data.  The  Indices  refer  to  the  level,  for  Insteuice 
(M-1)  Is  the  level  below  level  (M)  -  30  seconds  below  for  U.W.  data  emd  one 
minute  below  for  SEA  data.  The  "4  MIN  RUN  AV"  wind  was  obtained  In  both  cases 
from  the  "2  MIN  RUN  AV"  data  according  to  a  similar  relation, 

V4(M)  =[V2  (M-2)  +  VgCM)  +  V2  (M+2)]  /4 
where  V4  Is  the  "4  MIN  RUN  AV." 
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S*S  Sit 
6*0  T92 
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APPENDIX  B 


This  section  contains  the  list  of  pilot  reports  used  in  the  analysis  of  the 
time  section. 

JANUARY  6,  1961 

O^kOZ  5  W  SEA  30  CAVU  N  and  W 

15toZ  TOPS  PAE  50  /®  ABV 

1730Z  OVR  PAE  100  «  LYRD  310 

173OZ  S  TOM  MDT  RIME  AND  CIR  ICG  AT  110 

nk)Z  TCM  S  END  TOPS  170-200  BLD  UP  TO  W 

17^52  OVR  TCM  80  ®  SCTD  BLO  0°C 

I825Z  LGT  RIME  80-100  20W  TCM 
I825Z  20W  TCM  LGT  RIME  LGT-MDT  TURBC  8O-IOO 

IdkOZ  EPH-ELN-SEA  ito  MDT  RIME  ICG  aMP-4 
19k)Z  10  S  TCM  50®  130  THN  Cl  ABV 

2010Z  70  S  BF1®T0PS  35M  ; 

2025Z  OVR  TCMe3to 

2100Z  Cl  TOP  320  AT  350  TMP  -51  WIND  235  AT  68 
213OZ  OUR  PAE  36  ® 

2130Z  TCM  8®  V®  10  i»0®l65  R+  8(®V®10  40®R+ 

2200Z  TCM  4®  18  50®  290 
2330Z  OVR  TCM  10®  30  100®2il0 

2345Z  30  S  TCM  TPS  300  \ 

t  j 

JANUARY  7,  1961 

0020Z  NO  CLD6  INDICATED  WIND  AT  280  250  AT  82 

OI3IZ  E  TCM  T  OVC  266 

02l*0Z  VCY  TCM  BETWEEN  LYRS  AT  70 

O345Z  T  OVC  230  VCY  TCM 

1815Z  OUR  TCM  ®  320  TOP  OF  FOG  450  FEET 

2105Z  OUR  PAE  200  ®  300 

JANUARY  8,  1961 

I52OZ  10  W  TCM  TPS  50-70 
I65OZ  ®80  OVR  TCM 

I749Z  C/O  PAE  ®  45-55  MDT  TURBC  ON  C/O 

2245Z  OUR  TCM  35®  150  I90  220/®ABV 
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